Objective: Obesity has been associated with an increased risk for cardiovascular morbidity and mortality, although pooled evidence in patients undergoing vascular surgery are lacking. The aim of this systematic review was to evaluate the effect of body mass index (BMI) on major postoperative outcomes in patients undergoing vascular surgery. Results: Overall, eight retrospective studies were eligible including a total of 92,525 vascular surgery patients (2223 UW patients, 29,727 NW patients, 34,517 OW patients, and 26,058 OB patients). Pooled data were as follows: mortality rate, 2.5%; cardiac events, 2.1%; respiratory events, 8.6%; wound complications, 6.4%; cerebrovascular events, 6.4%; renal complications, 3.9%; other infections, 5.3%; deep venous thrombosis/pulmonary embolism, 1.2%; and other complications, 3.7%. Meta-analysis showed that OB patients were associated with lower mortality (odds ratio [OR], 0.64; 95% confidence interval [CI], 0.541-0.757; P < .0001), cardiac morbidity (OR, 0.81; 95% CI, 0.708-0.938; P ¼ .004), and respiratory morbidity (OR, 0.87; 95% CI, 0.802-0.941; P ¼ .0006) after vascular surgery compared with NW patients. However, OB patients were associated with a higher wound complication rate (OR, 2.39; 95% CI, 1.777-3.211; P < .0001) compared with NW patients. In contrast, UW patients were associated with a higher mortality (OR, 1.71; 95% CI, 1.177-2.505; P ¼ .005) and respiratory morbidity (OR, 1.84; 95% CI, 1.554-2.166; P < .0001) compared with NW patients.
Obesity is a risk factor for the development of diabetes mellitus, hypertension, and coronary artery disease. 1 It has been associated with high cardiovascular morbidity, and its prevalence is rising rapidly worldwide. 2 Recent data indicate that obesity is highly predictive for cardiovascular dysfunction, irrespective of traditional cardiovascular risk factors. 3 Regarding surgical procedures, many studies have evaluated the association of obesity and body mass index (BMI) with major postoperative outcomes. However, most such studies have published results referring to general surgery or cardiac surgery procedures. [4] [5] [6] Some authors have shown a significant increase in mortality for obese (OB) patients, although several large studies have failed to find significant relationships. In fact, the existence of a so-called obesity paradox, whereby underweight (UW) patients have a higher postoperative mortality rate or higher cardiovascular morbidity rate compared with overweight (OW) patients or OB patients show better perioperative outcomes compared with normal weight (NW) patients, has been observed in many studies. [5] [6] [7] Finally, data on the effect of BMI on major outcomes after vascular surgery procedures are still controversial, and pooled data are lacking. In lower extremity bypass, obesity has been associated with greater wound complications but not with mortality. 8, 9 In addition, with the increasing use of endovascular techniques, the question arises of how obesity affects morbidity and mortality with both open vascular and endovascular procedures. Moreover, the prevalence of obesity is progressively increasing among vascular surgery patients according to the literature. 10 Therefore, it is imperative to investigate the role of BMI in this specific population. The aim of this systematic review was to collect, analyze, and present all available data and to produce useful results regarding the role of BMI in major postoperative outcomes after vascular surgery procedures.
METHODS
Data sources and search. We systematically searched PubMed, Embase, Scopus, and Cochrane Library (time period, April-May 2016) for studies published online before May 2016 evaluating the effect of BMI on major outcomes after vascular surgery procedures. This review was performed according to established methods for systematic reviews in cardiovascular medicine (Preferred Reporting Items for Systematic Reviews and MetaAnalyses checklist). 11 The following medical subject terms were included for a MEDLINE search and were adapted for other databases as needed: "body mass index" or "obesity" or "overweight" and "vascular surgery" or "endovascular surgery". In addition to searching databases, reference lists of all included studies, meta-analyses, and reviews were manually searched, including unpublished data. There was no language restriction for the search. References from eligible articles or textbooks were also reviewed to find further potential sources.
Data extraction. Three authors independently completed data collection after following search criteria and quality assessment. Data were obtained from tables, graphs, and text. When the data were presented in percentage, the absolute values were calculated. Disagreements were resolved by consensus after review by the senior author of the study. For each study, the following data were collected: first author; year of publication; country of publication; study design; number of patients; follow-up period; basic demographics and comorbidities; rate of primary clinical events, including death and cardiac and respiratory complications within 30 days; and secondary clinical events, such as wound complications, renal or cerebrovascular complications, deep venous thrombosis/pulmonary embolism (DVT/PE), systemic infections, and others.
Quality assessment. Three authors independently reviewed trial eligibility and quality. Disagreements were resolved by consensus. Risk of bias was assessed using criteria recommended by the Cochrane Collaboration. 12 This specifically evaluated sequence generation of allocation; allocation concealment; blinding of participants, staff, and outcome assessors; incomplete outcome data; selective outcome reporting; and other sources of bias. Quality of each study was evaluated and reported as high, medium, or low on the basis of calculated risk for bias ( classified into class I, II, and III obesity groups, all data were added up for this review and calculated into one group; (3) the studies presented data for at least NW, OW, and OB patients separately; (4) the follow-up period was at least 30 days; and (5) the published data of clinical outcomes were sufficient for analysis. All kinds of clinical studies were eligible (prospective, retrospective, randomized). Exclusion criteria included (1) studies that reported outcomes in patients stratified according to other than the aforementioned weight/BMI criteria; (2) studies reporting outcomes in patients undergoing other types of surgery or in mixed populations of surgical patients (including vascular surgery); (3) types of studies other than clinical studies, such as reviews, letters, meta-analyses, case reports/series (<10 patients), and editorials; (4) studies not referring to humans; (5) studies that did not report mortality among their end points; and (6) overlapping populations of patients, identified either by studies developed during the same time in common study centers or by data collected from overlapping patient databases. In the latter case, only the study with a greater number of patients was included.
Study selection and outcomesddefinitions. After the inclusion and exclusion criteria were applied, 8 clinical studies [13] [14] [15] [16] [17] [18] [19] [20] were identified as appropriate for analysis and overall 827 studies were excluded (Fig 1) . All included trials were published between 2009 and 2015. The primary 30-day outcomes evaluated were as follows: Statistical analysis. Meta-analysis was carried out using the StatsDirect Statistical software (version 2.8.0; StatsDirect Ltd, Altrincham, Cheshire, UK). Odds ratios (ORs) were used to determine effect size along with 95% confidence interval (CI). Meta-analysis for any outcome was conducted only when adequate data were reported at least for one BMI group in four different studies. Interstudy variations and heterogeneities were estimated using Q statistic, with P < .05 indicating a statistically significant heterogeneity. 11 The present meta-analysis also quantified the effect of heterogeneity by using the I 2 index (range, 0%-100%), which represents the proportion of interstudy variability attributed to heterogeneity rather than to chance. When heterogeneity was not observed, the effect size was calculated on the basis of a fixed-effects model. 12 However, random effects were also calculated for sensitivity analysis. All efficacy index analysis followed the principle of intentional analysis. The and one-way analysis of variance (for continuous variables) were used to assess baseline clinical and perioperative differences between BMI categories. The P values were two sided, and P < .05 was considered to indicate a statistically significant difference. All statistical analyses were conducted using the absolute values and not percentages. Percentages are presented rounded up at the first decimal. Risk of bias was also assessed applying Egger tests and generating funnel plots. 11 Finally, metaregression analysis was conducted, and the effect of different variables on major outcomes was evaluated, where possible.
RESULTS
In this meta-analysis, overall 92,525 vascular surgery patients of different BMIs were included and evaluated. The basic characteristics of all eight studies are presented in Table I , A and B. Overall, 2223 UW patients, 29,727 NW patients, 34,517 OW patients, and 26,058 OB patients were included in this meta-analysis. Among the eight studies reported, only two studies 14, 20 did not include a UW group in their cohorts. Therefore, data from these two studies were not included in the analysis conducted for UW patients.
The mean age of all patients was 70.6 years, and the rate of male patients was 62.5% (pooled rate extracted from six studies). Basic demographics and comorbidities of all patients are presented in Table II , A and B. Pooled data show that there was significant variance among BMI groups regarding all demographics presented (P < .0001, analysis of variance testing). As shown in Table II , B, OB patients showed higher prevalence of hypertension, diabetes mellitus, coronary artery disease, and cerebrovascular disease compared with UW and NW patients (P < .0001, pairwise comparisons). However, UW patients showed higher prevalence of chronic obstructive pulmonary disease (COPD) and smoking compared with all other groups (P < .0001, pairwise comparisons). Furthermore, OB patients were younger than all other groups (P < .001; Table II, B) .
Regarding the type of surgical procedures described in the studies, only one study did not specify the exact surgery types included. 18 Of the rest of the 67,188 patients, the following vascular procedures were reported: lower extremity revascularization (n ¼ 28,267; 42.1%), cerebrovascular procedure (n ¼ 25,691; 38.2%), open abdominal aortic aneurysm repair (n ¼ 5,768; 8.6%), endovascular aneurysm repair (n ¼ 4374; 6.5%), amputation (n ¼ 712; 1.1%), mesenteric/renal artery revascularization (n ¼ 110; 0.1%), vascular access procedure (n ¼ 80; 0.1%), and other procedure (not specified, n ¼ 2186; 3.3%). However, there were insufficient data regarding the association of BMI groups and surgery type to proceed to further analysis. Regarding postoperative outcomes, all studies reported data on mortality, and at least four studies reported Figs 2-10 ). These associations were calculated after adjusting for specific factors, such as age, COPD, and smoking, that were found to be different among groups. The heterogeneity varied from 0% without any significance to 93% with great significance (P < .001) within subanalyses, so both fixed-effects and random-effects analyses were used. Funnel plots indicated a low bias risk. Metaregression analysis showed that potential moderators, such as year of study or size of study, did not have significant effect on the results. Data on the effect of other factors on major outcomes (such as age or medications) were lacking, and further analysis for potential predictors was not feasible. Although many studies reported mortality stratified according to surgery type, they lacked any stratification of BMI according to surgery 
DISCUSSION
This meta-analysis verifies the so-called obesity paradox, 2 concerning 30-day postoperative mortality in vascular surgery patients. OW patients as well as OB patients had fewer deaths after vascular surgery procedures compared with NW patients; however, the most surprising result is that UW patients show the highest risk among all groups. A similar paradox is observed for cardiac and respiratory complications, although wound complications seem to be more frequent in OB patients undergoing this type of surgery.
OW status and obesity have been associated with a higher cardiovascular risk in the general population as well as with an excess cardiovascular mortality even in the long-term setting. 1 The epidemiologic findings in this study reconfirm that the OB group showed the highest incidence of major cardiovascular risk factors, such as hypertension, coronary artery disease, and cerebrovascular disease. In contrast, UW patients were associated with a higher COPD and smoking rate. Current guidelines for management of cardiovascular disease underline the importance of weight reduction for all OW and OB patients for prevention and treatment, especially before scheduling of a major surgical procedure. 21 Normally, these high-risk patients should have worse perioperative and postoperative outcomes. However, longitudinal studies indicate that OW and OB patients with established cardiovascular disease are associated with better event-free survival compared with patients with lower weight or less body fat. 22, 23 Regarding postoperative mortality, many studies concur with the findings of this review. In a recent meta-analysis by Oreopoulos et al, OB individuals have been found to present similar to NW patients or even with lower short-term and long-term mortality after coronary revascularization procedures. 24 Even in patients treated endovascularly for critical limb ischemia, outcomes have been more favorable in OB patients compared with NW and UW patients. 25 Another recent meta-analysis including 1,300,794 patients with coronary disease from 89 studies also showed a significantly lower short-and long-term mortality among the OW and OB patients, whereas the rate of mortality among the UW patients was significantly higher. 26 Such a paradox could be caused by increased production of adipokines in OB patients, which could have a protective effect. In several studies, albumin has also been found to be higher in OB patients compared with patients of lower weight, possibly improving nutritional status and resulting in superior results after vascular surgery. 27 Hence, the obesity paradox in OW and OB patients with higher levels of fitness may be due to their having a higher amount of lean muscle mass and not necessarily due to their having more fat mass. 28 Furthermore, data indicate that cytokine release and neuroendocrine profile could be protective in OW and OB patients. 29 High circulating lipoprotein levels in OB patients may bind and detoxify lipopolysaccharides that play a role in stimulating the release of inflammatory cytokines, protecting them from heart failure or other cardiovascular disease and thus reducing the mortality risk. 30 Regarding cardiac and respiratory events, OW and OB patients are associated with higher prevalence of systolic and diastolic dysfunction and a lower coronary microvascular density, increasing the risk for heart failure. 31 Moreover, oxygen consumption and carbon dioxide production are increased in obesity, whereas increased BMI exponentially decreases oxygenation index, pulmonary compliance, and functional residual capacity, especially during general anesthesia. 32 Therefore, one should expect worse cardiac and respiratory outcomes in OB patients undergoing vascular surgery. However, the results of this analysis are opposing. First, we found that patients of lower BMI show higher smoking and COPD rates, probably increasing the risk for respiratory complications and perioperative mortality. 33 Moreover, low BMI could be associated with lower muscle mass index and lower nutrition status 34 that could further cause impaired cardiovascular structure and function. 35 In addition, recent data indicate that the size of coronary arteries increases with increasing BMI, thus possibly increasing the blood inflow and improving oxygenation in OB patients under stressful conditions such as vascular surgery. 36 Patients of increased BMI tend to suffer from severe cardiovascular disease during their early decades. Therefore, they are usually treated for these conditions at an earlier age compared with individuals of lower BMI. 5 These patients receive several medications daily to control their blood pressure, hyperglycemia, and dyslipidemia as well as for cardiovascular protection. Statins and antiplatelets are commonly prescribed for these patients, who are often advised about regular exercise and healthy diet. 37 Therefore, having received more aggressive or attentive care compared with UW or NW patients, these patients could have a survival benefit, as suggested by other authors as well. 5, 38, 39 In a study by Nylén et al, statins have been found to decrease the mortality risk in OB patients and even to reverse the paradox of higher mortality in UW patients. Finally, obesity remains a risk factor for surgical site infections, and therefore the choice of intervention as well as perioperative management is of major concern. Patients with peripheral vascular disease often have many predisposing factors for infection, such as diabetes and obesity, and also frequently have pre-existing open wounds before vascular procedures. 16 In this metaanalysis, wound complications were associated with increasing BMI, concurring with other studies. 8 This increased rate may be attributed to technical factors, such as the use of synthetic instead of a venous graft or the extensive tissue dissection in patients with increased body fat. 8 Other factors, such as prior groin incisions and emergency procedures, could have an impact according to the literature. 41 However, the data in the included trials were limited for further subanalysis to be performed. In addition, surgical site infections may affect procedural outcomes, such as graft failure, limb salvage, and sepsis rates, as well as return to functional health. 42 However, we found that other complications including graft failure were higher in UW patients and lower in OW patients compared with NW patients. This probably is justified as other factors, such as low nutritional status and preoperative smoking, are linked to vascular surgery graft failure. 43 These findings suggest that both UW and OB patients should be carefully evaluated before a scheduled vascular surgery procedure. A comprehensive evaluation of body muscle mass and nutritional status in UW patients should be standardized preoperatively, and any pathologic deviation should be corrected before surgery. Moreover, a proper evaluation of cardiac and respiratory function, especially in smokers, could identify those patients at an increased risk for complications. Strict cessation of smoking, proper high-protein diet in patients with low weight or malnutrition, proper weight loss program in OB individuals, blood gas evaluation, spirometry, and basic cardiac risk stratification could contribute to improving postoperative outcomes for both weight groups.
Limitations. First of all, this meta-analysis includes only retrospective studies and no prospective or randomized trials. This limits the value of the analysis slightly, although the total number of patients is adequate to maintain a high level of quality. Second, this analysis focuses on 30-day outcomes as only a few studies report a longer follow-up. Although we adjusted possible confounding factors, unmeasured confounders associated with BMI still exist. In addition, critical outcomes such as graft failure rates necessitate long-term follow-up, which this study is not able to provide as this was not reported in the included trials. Finally, because the heterogeneity was significant among studies, our findings are suggested to be interpreted in appropriate situations, such as by age.
CONCLUSIONS
The obesity paradox does exist in patients undergoing vascular surgery. This paradox refers not only to 30-day overall mortality but also to 30-day cardiac and respiratory complications. However, obesity seems to be associated with more wound complications. Surprisingly, UW patients are associated with higher mortality as well as respiratory events postoperatively. All these findings could improve preoperative risk stratification and preparation of patients scheduled for vascular surgery to yield better short-term results. However, more data are needed to produce useful conclusions about the longterm follow-up. 
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